Pulmonary embolism is a common and potentially fatal pathological condition. Imaging plays a crucial role in the diagnosis and differentiation of the causes of pulmonary embolus. Here we present typical imaging findings associated with both thrombotic and nonthrombotic pulmonary emboli, as well as their potential mimickers.
untreated, PE has been reported to have as high as 30% overall mortality [4] , compared with 2%e11% if treated with anticoagulation [5] . The diagnosis of acute PTE has an important clinical component, which establishes the preimaging probability of PE based on specific signs and symptoms, and biomarkers, such as the D-dimer. However, confirmatory imaging is required for the definite diagnosis of PTE. Computed tomography pulmonary angiography (CTPA) is considered the modern gold standard imaging modality for the diagnosis of acute PTE. Classical imaging findings include a complete filling defect with obstruction of an entire vessel section or partial filling defect that is surrounded by a rim of contrast material (Figure 1) [6, 7] .
Chronic PTE
The imaging features of chronic PTE are similar to those of its acute form. Its classical imaging features include a complete or partial occlusion of the pulmonary arteries, with a notable persistent decrease in vessel diameter in comparison to its adjacent bronchi. This decrease in diameter is thought to be due to thrombus retraction [8] . When the lumen of the involved pulmonary artery is only partially occluded, the thrombus can be eccentrically located and be associated with irregular contours of the intimal surface and obtuse angles with the vascular wall. Poststenotic dilation of the involved vessels can often be seen distally. Intraluminal pulmonary artery bands can also occur, defined as linear structures anchored at both ends to the vessel wall with an unattached midportion. Bands generally range from 0.3e2 cm with a width from 0.1e0.3 cm, and are usually oriented in the same direction as blood flow in the long axis of the vessel [9] . Additionally, classical signs of pulmonary arterial hypertension may also be present, such as increased tortuosity and diameter of the pulmonary arteries. Occasionally chronic pulmonary thrombi can calcify, which may be difficult to appreciate on contrast-enhanced CTA in mediastinal windows setting. Maximal intensity projections may assist in the identification of these calcifications, which are typically located at the site of arterial branching and are tubular in shape ( Figure 2 ). However, they may still be difficult to differentiate from calcified pulmonary nodules. Pulmonary parenchymal findings of chronic PTE include signs of pulmonary infarction appearing as multiple peripheral linear opacities and subpleural wedge-shaped areas of consolidation, which do not show contrast enhancement. A mosaic parenchymal attenuation pattern can also be seen due to irregular perfusion-hypoperfused areas having decreased attenuation distal to occluded vessels, and regions of increased attenuation thought to be due to redistribution of blood flow to the patent vascular bed [8] .
Pulmonary Artery Angiosarcoma
Pulmonary arterial angiosarcomas (PAAs) are rare, representing only about 3.6% of pulmonary sarcomas [10] . However, they can be occasionally misdiagnosed as PEs. They have an insidious onset and usually have a long asymptomatic course. On CTA, PAAs usually appear as a filling defect occupying the entire lumen with extraluminal extension [11] . Imaging findings that aid in differentiating the PAA from thrombotic PE include a low-attenuation filling defect occupying the entire lumen of the main pulmonary artery, heterogeneous enhancement of mass occupying the entire luminal diameter of the main or proximal pulmonary artery, and extravascular spread of the lesion (Figure 3 ).
Thrombosis of the Pulmonary Artery Stump Postlobectomy
Postlobectomy in situ pulmonary artery stump thrombosis is a rare entity that can occur as a complication of pulmonary resection ( Figure 4 ) [12] . Unlike a pulmonary embolus, in situ vascular stump thrombosis is considered benign, but its clinical significance remains unclear. In theory, proximal thrombus extension can occur, however, the role of anticoagulation therapy remains uncertain. 
Aortic Dissection and Aortic Intramural Hematoma Extending into the Pulmonary Arteries
Stanford type A aortic dissection or intramural hematoma can extend into the wall of the pulmonary arteries and thus mimic PEs. The postulated mechanism is via the extension of the extravasated blood from the ascending aortic wall into the adventitia shared with the central pulmonary arteries, leading to a compressive or occlusive intramural hematoma of the pulmonary arteries ( Figure 5 ) [13] . It is exceedingly rare to have simultaneous PEs and acute Stanford type A aortic dissections, with only a few reported occurrences in the literature [14] .
Septic Pulmonary Emboli
Septic pulmonary emboli are important mimickers of the thrombotic form and should be suspected in the clinical setting of endocarditis, endovascular catheter infection or a soft tissue infection. Common CT findings include subpleural wedge-shaped opacities as well as spherical nodules, which can cavitate ( Figure 6 ) [15] . It is worth noting however, that cavitation is considered nonspecific and may also be seen in 4%e7% of classical cases of PTE with parenchymal infarction [16] . Correlation with clinical presentation is therefore important in reaching the correct diagnosis.
Fat Emboli
Fat emboli can mimic PE and should be considered in the clinical setting of major trauma patients presenting with acute onset of dyspnea. It is a specific subtype of PE in which the embolic particles are composed of fat. They typically occur with long bone fractures and are seen in nearly 33% of patients with bilateral femoral or pelvic fractures [17] . The exact pathophysiology remains unclear. Classical imaging findings include areas of pulmonary parenchymal consolidation as well as ill-defined ground-glass centrilobular and subpleural nodules [18] . Fat density filling defects within the pulmonary arterial vasculature may also be seen (Figures 7  and 8 ).
Cement Embolization
The incidence of pulmonary cement embolism has been reported as high as 23% in patients that have undergone vertebroplasty and the clinical presentation varies from asymptomatic to fatal cardiopulmonary complications [19] . It is the result of polymethyl methacrylate, an acrylic cement used in such procedures, embolizing to the lungs [20] . The embolized cement can be seen as branching hyperdensities on chest radiographs that correspond to cement embolized in the intraluminal location of arteries on CTPA, without any relationship to the location of the vertebroplasty (Figures 9  and 10 ) [19] . 
Foreign Body Embolism
As the frequency of endovascular procedures and central venous catheter use increases, related complications such as the embolization of fragmented catheter material and intravascular devices have also increased. Pulmonary arteries are common sites of catheter embolization [21] . Standard chest x-rays are often diagnostic by showing intrathoracic radiopaque foreign bodies. CT, however, is still used to confirm the position of the foreign bodies within the pulmonary vasculature ( Figure 11 ).
Mimickers of PE
A retrospective review of CTPA demonstrated 23% suboptimal studies and 4% nondiagnostic studies [22] , which can lead to false positive interpretations. False positive diagnosis can be as detrimental as missing PE. A false positive diagnosis exposes patients to the unnecessary side effects and costs of anticoagulation treatment. Technical factors that can produce suboptimal CTPA exams include motion artifact, pulsation artifact, streak artifact, volume averaging, suboptimal bolus and quantum mottle [23, 24] . It has been suggested that an optimal opacification of the pulmonary artery should be 250 Hounsfield units and that each report should include a statement regarding the diagnostic quality of the exam (excellent, satisfactory, poor) [25] . Interpretation errors include mistaking a pulmonary vein or thrombosed shunt for a pulmonary artery (Figure 12 ). Retrograde flow can also mimic vessel thrombosis in early phase contrasteenhanced imaging, as seen in a patient with a systemic-to-pulmonary arterial fistula ( Figure 13 ). Amniotic fluid embolism is a rare complication of pregnancy and can occur when amniotic fluid travels into the bloodstream through either small tears in the uterine veins during pregnancy, or during placenta disruption by surgery or trauma [26] . CTPA can show nonspecific findings of diffuse ground glass opacities and prominent hilar pulmonary vasculature, which can also be seen with cardiogenic and noncardiogenic pulmonary edema [27] .
Conclusions
CTPA is considered the modern gold standard imaging modality for the workup of PE. Causes include thrombotic and nonthrombotic pathologies. Differentiating the cause can help with prompt selection of accurate treatment options. False positive diagnosis can be avoided by meticulously assessing the quality of the CTPA exam and frank disclosure of whether an accurate diagnosis can be provided [6] . In addition, mimickers of PE should be remembered and ruled out before diagnosing PE. 
